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The effects of within-row spacings and cultivars on the yield of
bush snap beans (Phaseolus vulgaris L.) were studied in two experiments.
In each experiment, two cultivars and four within-row spacings (8, 15,
23 and 30 cm) were arranged in a split-plot with four replications.
Spacing treatments were the whole plots and cultivars were the split
plots. In 1988, the two cultivars were 'Blue Lake 274' and 'White Half
Runner'. In 1989, the cultivars were 'Blue Lake 274' and 'Kentucky Wonder
125'. All rows were spaced 91 cm apart. Pods were harvested and oven
dried. The data were subjected to analysis of vlriance procedure for a
split-plot design, assuming a fixed model.
In 1988, White Half Runner was significantly higher yielding than
Blue Lake 274. In 1989, yield of Kentucky Wonder 125 was significantly
greater than that of Blue Lake 274.
Bean yields were significantly influenced by spacing treatments in
1988 and 1989. Yields per plant were significantly higher for the 30-cm
than for the 15- and 8-cm spacings. Yields for the 23-cm spacing treatment
were significantly higher than those for the 8-cm treatment. Yields per
meter of row showed no significant differences at any spacings. The linear
effect for spacings was significant for both yield per meter of row and
yield per plant in 1988 and 1989.
vii
INTRODUCTION
The total acres devoted to the growth of vegetable crops in the
United States has decreased by eleven percent since 1950. However,
fewer acres of vegetable crops have produced increasing yields keeping
the total crop harvest at approximately the same level. Snap bean
(Phaseolus vulgaris L.) has followed these same acreage and yield trends
(17,10). Snap bean yield has increased more as a result of changes in
cultural practices than from introduction of new, higher-yielding culti-
vars as has been true with other crops such as corn (Zea mays L.) and
wheat (Triticum aestivum L.) (10,25).
Snap bean ranks fifth among all vegetable crops produced in the
United States in per capita consumption. Ten million metric tons of
snap beans are produced per year. Snap beans offer important sources of
carbohydrates and proteins while being low in calories (17,19,15).
For many decades snap beans were planted using corn planters.
Consequently, the rows were at least 36 inches apart. With the recent
development of equipment designed for the production of snap beans,
both within- and between-row spacings can be varied (13,21). Plant
yields have been increased by narrowing the plant and row spacings (24).
Closer plant spacing offers potential advantages including: 1) more
efficient utilization of incident solar radiation, 2) more complete
shading of the soil which suppresses soil temperature and reduces weed
vigor, 3) additional plant materials that protect the soil from water
erosion, and 4) reduction of erosion potential through greater absorption
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of energy of falling rain drops (22).
Further studies are needed to increase pod yield of beans through
cultivar selection and plant spacing for different environmental condi-
tions. The objective of the present study was to determine the effects
of selected cultivars and within-row spacings on pod yield of bush snap
beans grown in Central Kentucky.
REVIEW OF LITERATURE
Common bean
Origin of the common bean (Phaseolus vulgaris L.) can be traced to
Central America in the region of Mexico and Guatemala. It was brought
into the United States through the West Indies and northern Mexico. The
bean is commonly grown in temperate and semitropical regions throughout
the world (7,17).
Many different beans are referred to by the name common bean,
including: common bean, Carota, Feijao, French bean, kidney bean,
Frijol, wax bean, and snap bean (7).
Beans can be classified as dwarf or bush, tall or pole, or semi-
vining. Bush beans mature early and somewhat uniformly. Pole beans
will bear pods for longer periods during the season. Pole and semi-
vining beans require support (7,11).
Plant populations
Plant densities and arrangements have been studied for their effects
on yield. Tompkins and Horton (23), using a plant population of 174,000
plants/acre, subjected different cultivars of snap beans to variation in
row widths and plant spacings. Yields of 'Lake Shasta' and 'Early
Gallatin' averaged 26 percent higher in 18-in rows than in 36-in rows.
Yields for 12-in rows were lower than those for 18-in rows, but were
higher than those for 36-in rows. In further work by Tompkins et al.
(21), snap beans were compared in 19- and 40-in rows to determine whether
higher plant populations would increase pod yield. Yield was increased
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from 34 to 68 percent, depending on the cultivar and harvest, by planting
in narrow rows.
Grafton et al. (10) found that yield per hectare of the indeterminate
pinto bean 'UI-114' and the determinate navy bean 'Seafarer' increased
by 52 and 44 percent, respectively, as row spacing was decreased from 75
to 25 cm. Yield of these cultivars increased as the plant populations
increased to 222,000 plants ha
-1
. In another experiment they found that
yields of navy bean genotypes were as much as 57 percent higher when grown
in 19-cm rows than when grown in 76-cm rows. Kahn et al. (12) studied
two lines of black beans, '70001' and 'Strain 39', grown at row spacing
of 76, 61, and 46 cm, and found that the seed yields were similar for
the different row spacings.
Mullins (22) studied two cultivars of snap bean, 'BBL 47' and
'BX156-2-3-6,' in 38-in rows at within-row spacings of 3, 6, 9 plants/
foot and found that yield per area was 30 percent higher with 9 plants
per foot than with 3 or 6 plants per foot. Kacker et al. (11) studied
the effects of inter- and intra-row spacings on yield of cluster beans
and found no significant differences due to intra-row spacings during
seasons of normal rainfall. However, during seasons of below-average
rainfall, they found significant differences between row spacings of 45
and 60 cm and between intra-row spacings of 15 and 22.5 cm. The closer
spacings produced higher yields during drought conditions.
Tompkins et al. (23) suggested that the most prominent factor in
determining the number and weight of pods in a 3-foot-row segment was
row spacing. Beans grown in 36-inch rows produced 77 percent more than
those grown in rows spaced 12 in apart. Planting density within the row
did not significantly affect the number of pods produced in a row segment,
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but pod yield weight increased by 14 percent as plant density increased
from 6 to 12 plants per foot.
Redden et al. (18) compared navy beans at four row widths (17.8,
35.6, 71.1, and 107.0 cm) and two plant populations (112,500 and 337,500
plants ha
-1 
i) n Queensland. They found that, at the high population
and at the widest row spacing, grain yield increased with increasing
population. Grain yield responded negatively, in a variable and complex
manner, to decreasing row spacing. Crothers and Westermann (5) found
that the optimum plant population for seed yield was approximately
400,000 plants ha
-1 
for the bush cultivars and less than 300,000 plants
ha
-1 
for the semi-vining cultivars. At lower plant populations, seed
yield decreased for the bush cultivars and remained constant for the semi-
vining cultivars.
Kueneman et al. (13) evaluated between-row spacing effects in nine
experiments. At a given density, plants in more equidistant arrangements
yielded significantly more than those grown in rectangular arrangements.
For example, plants spaced at 25 x 25 cm yielded 13 percent more than
those at 76 x 8 cm, whereas plants spaced at 20 x 20 cm yielded 12 percent
more than those at 76 x 8 cm. When averaged across five genotypes,
yields were 48 percent larger for 30 x 10 cm spacing than for the 60 x
5 cm spacing.
Mack and Varseveld (16) found that yield of snap bean pods increased
with plant density in four field experiments. Yield of 'Oregon 1604'
averaged 27 percent higher in square arrangements than in 91-cm-row
spacing. Yield was 20 percent greater for the higher density of 43.0
plants m2 than for the low density of 21.5 plants m2. Yield of two




) than in low density (21.5 plants m
2
) plantings.
Wilcox (27) grew three soybean strains in approximately equidistant
spacings at 14 population densities ranging from 25,000 to 582,000 plants
ha
-1 
over a two-year period. Yield of the strain 'C1421' was most
responsive to populations above 281,000 ha
-1
, whereas yield of 'C1477'
was most responsive to populations below 83,000 ha
-1
. Maximum yields
occurred at 281,000 ha
-1 
for 'C1477' and '1,15' and at 456,000 ha
-1
 for C1421.
Burke and Nelson (4) studied 'Columbia Red Mexican No. l' and
'Columbia Pinto Dry Beans' spaced 2, 4, 6, 8 in within rows that were
spaced 7, 14, 22 in apart. At a given plant population, yields were
generally greater and root rot was less at 7-in than at 14- and 22-in
row spacings.
Wahab et al. (24) compared three planting designs--a) conventional
row design with plant spacings of 5 cm and row spacing of 20, 45, 80,
and 125 cm; b) square designs with plant and row spacings at 10, 15, 20,
25 cm; and c) triangle designs (honeycomb)--with plants arranged at
equal distances of 10, 15, 20, 25 cm from each of their six nearest
neighbors. In all three planting designs, higher planting densities (up
to 116 plants m
2
) resulted in higher pod yields per unit area, but
reduced numbers of pods per plant. Pod yield did not differ for the
design in the first year's work. In the second year, highest average
yields were obtained from the triangle design; lowest average yields
were obtained from the row design. The results suggest a yield advantage
for planting designs using equal spacing in all directions.
Widodo (26), working with two bush snap bean cultivars 'Blue Lake 274'
and 'Kentucky Wonder 125' in four spacings (7, 14, 21, 28 cm) in a square
planting, found that Kentucky Wonder 125 had significantly higher seed
7
yield and harvest index, but fewer seeds per pod than Blue Lake 274 in
1987. In 1988, seed yield per plant was higher for Blue Lake 274 than
for Kentucky Wonder 125. When examining the spacing effects, he found
no significant differences among the treatments, but found a positive
significant linear effect for spacing in 1988.
Westerman and Crothers (25) reported that pods per plant increased
linearly as area per plant increased (decreasing plant population) for
determinate 'UI-114' and 'Big Bend' bean cultivars. Leakey (18) studied
yield of 'Banja' and 'Ciacol Nima' grown at two population densities
5.4-32.3 plants/m2 and under four fertility levels. The two cultivars
behaved similarly. The population effect showed that high densities
were wasteful of seed, but gave the highest yield.
The University of Kentucky Extension Service recommends that Common




The study involved two experiments. The 1988 experiment was conducted
on a Lindside silt loam (fine-silty mixed, mesic, fluvaquent Eutrochrepts)
at Bowling Green, Kentucky. Soil test results indicated pH 6.3, P-134 kg
ha
-1
, K-423 kg ha
-1
. The 1989 experiment was conducted on a Pembroke silt
loam (fine-silty, mixed, mesic, mollic Paleudalf) at Bardstown,







After seed bed preparation, fertilizer supplying 62 kg N, 27 kg P,
51 kg K ha
-1 
was broadcast. No other fertilizer was applied. Pre-plant
incorporated herbicide, metolachlor r2-chloro N- (2- ethyl-6 methlypheny1)-
N-(2-methoxyl-1-methylethyl) acetamidel, was applied each year at 2.8 kg
ha
-1
, followed by hand weeding as necessary during the growing season.
Insecticide, carbaryl (1-naphthyl N-methylcarbamate), was applied each
year as needed at the rate of 1.12 kg ha
-1
. A push-plow was used to make
the rows. Using a tape measure stretched along the row, two beans were
placed at each designated location. Seeds were hand covered. Two weeks
after planting, the stands were thinned to one plant per place ro were
replanted as needed. Due to drought conditions in 1988, soil moisture




All rows were spaced 91 cm (36 in) apart. Plants were spaced 8,
15, 23, and 30 cm (3, 6, 9, and 12 in) apart within the rows, resulting
in four spacing treatments.
Cultivars
'Blue Lake 274' was included in both experiments. 'White Half Runner'
and 'Kentucky Wonder 125' were included in 1988 and 1989, respectively.
Blue Lake 274 produces a lush, green oush with moderately open growth
habit, facilitating easy picking. The mature plant is approximately
42 cm high and 48 cm wide. The dark green pods are round, measuring
12 to 14 cm in length. Kentucky Wonder 125 produces an upright, tall
bush approximately 50 cm high and 55 cm wide. Pods are borne high on
the strong bush, largely preventing their touching the soil. The medium
green pods are flat, measuring 15 to 18 cm in length. White Half Runner
produces bush type growth that is 106 to 122 cm in height before becoming
a slender climber. Its pods are characterized as round, curved at the
tip, approximately 10 cm long, free from strings when young, and medium
green in color (3).
Design and data analysis
Both experiments were arranged as factorials of two cultivars and
four spacings, resulting in eight treatments. The treatments were
replicated four times.
The sampling unit consisted of twenty plants in 1988 and twenty five
in 1989. The first two plants at each end of the row were discarded.
Harvests were made when blooming started to decline and most of the
pods were full. Although there was only one harvest in 1988 (18 August),
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the more favorable extended growing season in 1989 resulted in two harvests
(20-26 August, 5-8 September). Yield data consisted of oven-dry 73°C pod
weights and was reported as yield per plant and per meter of row.
Yield data were subjected to the analysis of variance procedure.
Means were separated using Duncan's Multiple Range test. Yield response
to the plant spacing treatments was characterized by regression analysis
(20).
RESULTS
Summary yield data for cultivars and spacing treatments are presented
in Tables 1-4 and Figures 1-4. Yields by replication and the analysis of
variance information are presented in Tables 5-8 (Appendix). Rainfall and
temperature data are given in Table 9 (Appendix).
1988 Experiment
Mean pod yields per plant were significantly higher for White Half
Runner (14.2 g) than for Blue Lake (12.5 g) (Table 1, Figure 1). Mean pod
yields per plant increased as within-row plant spacing increased. When
the spacing means were compared statistically, the 30-cm mean was not
different from the 23-cm mean; however, it was higher than the means of
the 15- and 8-cm spacings. The mean yield for the 23-cm spacing was not
different from the mean for the 15-cm spacing, but was higher than the
mean for the 8-cm spacing (Table 1, Figure 1).
When pod yields were expressed on a per meter of row basis (Table 2
and Figure 2), the cultivars differed significantly with White Half
Runner (82.9 g) being higher yielding than Blue Lake (72.6 g). Although
there were marked differences among the spacing means for yield per meter
of row, those differences were not statistically significant.
When the yields per plant and per meter of row were subjected to
regression analysis, the linear effect was significant (Appendix: Table 6).
Other effects--quadratic and cubic--were not significant for either yield
index. Interactions between cultivars and spacing treatments were not
significant for either yield per plant or yield per meter of row.
11
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Table 1. Mean pod yields (g/dry weight) per plant for two cultivars
of bush snap beans grown under four spacing treatments at
Bowling Green, Kentucky, in 1988.






15 Blue Lake 10.4
White Half Runner 11.5
Mean+ 11.0 AB
23 Blue Lake 16.0
White Half Runner 15.4
Mean+ 15.8 BC
30 Blue Lake 15.5




White Half Runner 14.2
+Spacing mean followed by the same letter are not different at the 0.05
level of probability.
*Cultivar means were different at the 0.05 level of probability.
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Table 2. Pod yields (g/dry weight) per meter of row for two cultivars
of bush snap beans grown under four spacing treatments at
Bowling Green, Kentucky, in 1988.






15 Blue Lake 69.6
White Half Runner 76.6
Mean+ 73.1 A
23 Blue Lake 69.6
White Half Runner 67.0
Mean+ 68.4 A
30 Blue Lake 51.8




White Half Runner 82.9
+Spacing means followed by the same letter are not different at the 0.05
level of probability.
*Cultivar means were different at the 0.05 level of probability.
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Table 3. Mean pod yields (g/dry weight) per plant for two cultivars of
bush snap beans grown under four spacing treatments at
Bardstown, Kentucky, in 1989.
Spacing (cm) Cultivar Cultivar mean
8 Blue Lake 14.6
Kentucky Wonder 22.6
Mean+ 18.6 A
15 Blue Lake 23.4
Kentucky Wonder 32.5
Mean+ 28.0 AB
23 Blue Lake 34.7
Kentucky Wonder 46.6
Mean+ 40.6 BC






+Spacing mean followed by the same letter are not different at the 0.05
level of probability.
**Cultivar means were different at the 0.05 level of probability.
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Table 4. Pod yields (g/dry weight) per meter of row for two cultivars
of bush snap beans grown under four spacing treatments at
Bardstown, Kentucky, in 1989.
Spacing (cm) Cultivar Cultivar mean
8 Blue Lake 183.0
Kentucky Wonder 282.5
Mean+ 232.5 A
15 Blue Lake 156.0
Kentucky Wonder 217.1
Mean+ 186.6 A
23 Blue Lake 151.2
Kentucky Wonder 202.5
Mean+ 176.8 A






+Spacing means followed by the same letter are not different at the
0.05 level of probability.




















8 15 23 30
Spacing (cm)
Fig. 1. Pod yield per plant of two cultivars of bush
snap beans grown under four spacing treatments at
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Spacing (cm)
Fig. 2. Pod yields per meter of row for two cultivars
of bush snap beans grown under four spacing treatments
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Fig. 4. Pod yields per meter of row for two cultivars of
bush snap beans grown under four spacing treatments at
Bardstown, KY, in 1989.
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1989 Experiment
Mean pod yields per plant were significantly higher for Kentucky Wonder
(38.8 g) than for Blue Lake (29.2 g) (Table 3, Figure 3). Mean pod yields
per plant increased as the within-row spacing increased. The statistical
comparisons of spacing treatment means resulted in similar outcome in 1989
as in 1988. For example, consecutive spacing means (8- vs. 15-cm, 15- vs.
23-cm, 23- vs. 30-cm) were not different, whereas alternate means
(8- vs. 23-cm, 15- vs. 30-cm) were different.
Pod yields per meter of row (Table 4, Figure 4) were significantly
higher for Kentucky Wonder (219.9 g) than for Blue Lake (159.4 g).
Observed yields for the spacing treatments decreased progressively as the
within-row spacing distance increased; however, the differences among
spacing treatment means were not significant.
The linear effect of plant spacing on pod yield was significant for
both yield per plant and per meter of row (Appendix: Table 8). Neither
the quadratic nor cubic effect was significant for either yield index.
There were no significant interactions between cultivars and spacing
treatments for yield per plant or yield per meter of row.
Comparison of results
The use of different locations and cultivars precludes direct statis-
tical comparisons of results of the 1988 and 1989 experiments. However,
the results were similar for the two experiments. For both years, there
were cultivar differences, spacing treatment effects for pod yield per
plant resulted in identical statistical rankAigs, spacing treatment effects
for pod yield per meter of row were not significant, only the linear effect
was significant for the spacing treatments, and the cultivar-spacing
treatment interactions were not significant.
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The results were generally supportive of those reported by other
workers. The increase in pod yield per plant associated with wider plant
spacing is in agreement with results reported by Wahaba (24) and Westerman
and Crothers (25). Although the spacing treatment differences were not
significant when yields were reported on a per meter of row basis, there
was a significant positive relationship between pod yield and plant
density for both years. Tompkins et al (22) found that pod yield increased
by 14 percent as the plant density increased from 6 to 12 plants per foot.
Mack and Varseveld (16) reported that yield of Oregon 1604 was 20 percent
higher at 43.0 plants m
2 
than at 21.5 plants m
2
. The highly significant
linear relationship between pod yield and plant spacing is supportive of
the findings by Westerman and Crothers (25). They found that pods per
plant increased linearly as area per plant increased (decreasing plant
population) for determinate UI-114 and Big Bend cultivars. Widodo (26)
reported a positive linear relationship between plant spacing and pods
per plant for Blue Lake and Kentucky Wonder. Also, these results are
similar to those reported by Widodo (26) in that no interactions were
detected between cultivars and spacing treatments.
DISCUSSION
Research on spacing of bean plants has shown that, within limits,
wider spacing results in increased yield per plant, whereas closer spacing
results in increased yield per unit area. However, beyond these limits,
wider spacing would have no effect on yield, resulting in inefficient land
utilization; closer spacing would have a detrimental effect on yield,
being wasteful of seed and land. The challenge has been to balance the
inverse relationships of plant spacing with yield per plant and with yield
per unit area to give optimum yields for different cultivars and for
diverse environmental conditions.
In the present study observed yields per meter of row were not
significantly different for the spacing treatments; yield per plant was
greater for the wider spacing treatments. The high degree of linearity
in the yield responses to spacings indicates that, under the conditions
of the study, pod yields of Blue Lake, Kentucky Wonder and White Half
Runner were influenced by within-row spacings ranging from 8 to 30 cm.
How much closer, or wider, the plants could have been spaced without
exceeding the linear relationship was not determined.
The 1988 and the 1989 experiments were conducted in greatly different
environments. Locations, soil types, and weather conditions were different.
The 1988 growing season was dryer than normal, whereas the 1989 season was
wetter than normal. Both 1988 and 1989 were hotter than normal (Appendix:
Table 9). According to M.H. Dickson and R. Petzoldt (6), heat at any
growth stage can damage green beans, but plants are most susceptible at
22
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or near the blooming period. The authors showed that excessive heat during
the blooming period resulted in reduction of yield in proportion to the
duration of the heat period. Beans grew best at 23°C, higher or lower
temperatures reduced yield. Maximum daily temperatures at Bowling Green
and Bardstown consistently exceeded this ideal temperature during most of
the growing season.
Extreme weather conditions likely contributed to experimental error
as shown by the high coefficients of variations for yield per plant of
the cultivars (16.4 and 14.1 percent for 1988 and 1989, respectively)
(Appendix: Tables 6 and 8). During the less favorable growing season of
1988 the coefficient for spacing treatments was higher (40.4 percent)
than for the more favorable season of 1989 (33.1 percent). These
coefficients, ranging from 14.1 to 40.4 percent, were larger than the
5.9 to 7.2 percent range reported by Froussious (9), but lower than the
49.0 to 92.0 percent range reported by Widodo (26). High coefficients of
variation indicate high levels of uncontrolled variability which may mask
treatment differences. For example, the 8-cm spacing treatment resulted
in mean yields per meter of row that were much larger than the yields for
the 30-cm treatment; however, the differences were not significant
(Tables 2 and 4).
The results of this study suggest that closer plant spacing gives
yield advantages on a per area basis. Although the differences were not
significant, the closer 8-cm spacing resulted in the highest observed yield.
The University of Kentucky Agriculture Cooperative Extension Service (1)
recommends 8-cm (3 in) within-row spacing for snap beans.
Closer plant spacings offer advantages of more efficient utilization
of solar radiation, shading of the soil, and protection from erosion.
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Future research on the snap bean spacing should include row spacing as
well. Several researchers, including Tompkins and Horton (23) and
Tompkins et al (21), have obtained increased yields by varying row widths.
Research is also needed on the economics of snap bean production in
Kentucky. Snap beans could be an alternative cash crop and a partial
substitute for tobacco.
With the ever increasing human population, greater food production
is essential. Snap bean is an important worldwide source of protein and
carbohydrates. Snap bean yield responds to varying plant and row spacings.
With the development of adaptable equipment, producers are able to capitalize
upon favorable plant spacing response.
SUMMARY
The effects of cultivars and within-row spacings on yield of snap
bean (Phaseolus vulgaris L.) were studied in 1988 and 1989. In 1988,
Blue Lake and White Half Runner were compared at Bowling Green, Kentucky.
In 1989, Blue Lake and Kentucky Wonder were compared at Bardstown, Kentucky.
The two cultivars plus four within-row spacings (8, 15, 23, 30 cm) con-
stituted eight treatments that were arranged in a split-plot with four
replications.
In both years of the study, there were significant differences between
the cultivars. In 1988, White Half Runner yielded higher than Blue Lake
274. In 1989, Kentucky Wonder 125 yielded more than Blue Lake 274.
Bean yields were significantly influenced by spacing treatments in
1988 and 1989. Pod yields per plant were highest in the 30-cm spacing
and decreased as the plant spacing decreased. Statistically, the 30-cm
spacing was significantly higher yielding than the 15-and 8-cm spacings.
The 23-cm spacing was significantly higher yielding than the 8-cm spacing.
Pod yield per meter of row appeared to decrease with increases in plant
spacings; however, those differences were not significant. The linear
effect of spacing on yield was significant for both yield per plant and
yield per meter of row in 1988 and 1989. Adverse weather conditions both
years may have contributed to high within-treatment variability, causing





Table 5. Pod yields (g/dry weight) for 20 plants of two cultivars of
bush snap beans grown under four spacing treatments at Bowling
Green, Kentucky, in 1988.
Spacing Cultivar
(cm) Cultivar Replication mean
1 2 3 4
8 Blue Lake 137 174 114 210 159
White Half Runner 121 306 178 160 191
Mean+ 175 A
15 Blue Lake 215 243 156 222 209
White Half Runner 308 224 160 229 230
Mean+ 220 AB
23 Blue Lake 313 187 408 376 321
White Half Runner 320 200 396 321 309
Mean+ 315 BC
30 Blue Lake 189 430 365 257 310
White Half Runner 395 471 434 342 410
Mean+ 360 C
Cultivar Means (*) Coefficients of Variation
Blue Lake 250 Cultivars 16.4%
White Half Runner 285 Spacing 40.4%
+Spacing means followed by the same letter are not different at the 0.05
level of probability.
*Cultivar means were different at the 0.05 level of probability.
Table 6. Analysis of variance for yield per plant and yield per meter of row for two cultivars of bush
snap beans grown at Bowling Green, Kentucky, in 1988.
Source of variation Degrees of freedom
Yield per plant+ Yield per meter of row+
Mean square F-ratio Mean square F-ratio
Total 31
Replications 3 3.74 0.13 333.02 0.33
Spacings (S) 3 144.94 4.98* 3,771.87 3.73
Linear regression 1 424.78 14.59** 9,305.55 9.19*
Deviation from
linear regression
2 5.02 0.17 1,005.04 0.99
Error a 9 29.11 1,012.15
Cultivars (C) 1 25.39 5.27* 884.10 3.25
S x C 3 11.31 2.35 651.99 2.40
Error b 12 4.82 272.15
* and ** Indicate significance at the 0.05 and 0.01 levels of probability, respectively.






Table 7. Pod yields (g/dry weight) for 25 plants of two cultivars of
bush snap beans grown under four spacing treatments at
Bardstown, Kentucky, in 1989.
Spacing Cultivar
(cm) Cultivar Replication mean
1 2 3 4
8 Blue Lake 318 390 445 311 366
Kentucky Wonder 717 612 499 434 565
Mean+ 465 A
15 Blue Lake 491 688 614 550 585
Kentucky Wonder 806 853 740 855 813
Mean+ 699 AB
23 Blue Lake 910 947 995 626 869
Kentucky Wonder 1111 1175 1566 804 1164
Mean+ 1016 BC
30 Blue Lake 1561 929 820 1119 1107
Kentucky Wonder 1836 1200 1265 1035 1334
Mean+ 1220 C
Cultivar Means (**) Coefficients of Variation
Blue Lake 731 Cultivars 14.1%
White Half Runner 969 Spacing 33.1%
+Spacing means followed by the same letter are not different at the
0.05 level of probability.
**Cultivar means were different at the 0.05 level of probability.
Table 8. Analysis of variance for yield per plant and yield per meter of row for two cultivars
snap beans grown at Bardstown, Kentucky, in 1989.
of bush
Source of variation Degrees of freedom
Yield per plant+ Yield per meter of row+
Mean square F-ratio Mean square F-ratio
Total 31
Replications 3 135.48 1.07 3,385.57 1.69
Spacings (S) 3 1,431.39 11.26** 7,426.76 3.72
Linear regression 1 4,265.26 33.56** 19,627.12 9.82*
Deviation from 2
linear regression
14.45 0.11 1,326.58 0.66
Error a 9 127.08 1,997.60
Cultivars (C) 1 717.26 30.97** 29,275.96 28.60**
S x C 3 4.83 0.21 1,699.25 1.66
Error b 12 23.16 1,023.71
* and ** Indicate significance at the 0.05 and 0.01 levels of probability, respectively.








Table 9. Precipitation and temperature data for Bowling Green,
Kentucky, 1988, and Bardstown, Kentucky, 1989.
Month Bowling Green 1988 Bardstown 1989
Precipitation (cm)
Actual Normal Actual Normal
May 6.7 10.6 12.4 10.5
June 3.9 11.5 17.2 10.5
July 10.1 10.0 17.4 10.4










May 26.1 10.0 25.5 12.2 22.2 10.5 24.4 12.7
June 31.1 15.0 30.0 17.2 27.2 16.6 28.8 17.2
July 31.7 20.0 31.1 19.4 29.4 18.8 31.1 19.4
August 31.1 19.4 31.1 18.3 30.0 17.2 30.5 18.8
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